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Medialness  proves  a  powerful  tool  for  shape  understanding  in  different 
applications  (Leymarie  and Kimia,  2008)  and  for  different  fields  of  study. 
In  this  communication we  highlight  the  relations  and  background  in  fields 
we  see  as  complementary  to  each  other  under  the  umbrella  of medialness 
(Fig. 1): (i) the visual arts, (ii) perception and vision science, and (iii) math-
ematical models and computing. By the ‘visual arts’ we refer to the tradition 


















2.  Medialness and the Visual Arts
Medialness appears in various guises in the visual arts. We focus our atten-
tion to its use with 2D artifacts such as when painting or drawing on a can-























































an animal character as  the combination of  loosely drawn primitives of varying size  (e.g.,  in 
its  simplest  form as a  series of ovals of varying sizes positioned at  important  junctions and 
capturing  some  of  the  main  body  parts).  The  particular  orientations  and  combinations  of 




















Another  use  for  medialness  in  drawing  practices  is  by  considering  its 
complementary role in representing the voids of space in between structures 
or  drawn primitives,  such  as when  considering  the  ‘negative  spaces’  in  ar-
chitectural designs  (Leymarie and Kimia, 2008). An  interesting example of 
this  approach  in  landscaping  designs was  uncovered  by Van  Tonder  et	 al. 
in  analyzing  famous  15th  century  Japanese  gardens.  When  contemplating 
a  garden, we often  select what we  feel  are  better  viewpoints  to  admire  the 
structure  and  layout  of  the  landscape,  its  plants,  flowers,  rocks,  sculptural 
elements,  and  so  on. Van Tonder et	 al.  have  shown  that  a  class  of  ancient 
garden  layouts can be well modeled by a  set of connected medial  traces  in 
2D which represents a perceptual  (visual)  tension flow field  in between  the 
garden’s main  elements  and  lying  in  an horizontal  plane parallel  to  that  of 
the  garden  (Van Tonder et	 al.,  2002; Van Tonder,  2006).  In  particular,  the 
design of the Ryōan-ji garden had been a long lasting mystery; Van Tonder 
et	 al.  have  shown  how  by  using  the  rock  and  plant  structures  of  such  a 
garden  as  the  generators  of  an  imaginary  wave  propagation,  an  approxi-
mate oriented flow field they call  the Hybrid Symmetry Transformation (or 










3.  Medialness in Human Perception and Vision
Medialness in human perception studies appears in one form or another since 






tazzi, 2006; Arnheim, 1974). Also  in  the 1950s, Fred Attneave  studies and 
shows  the  importance  of  curvature  features when  observing  2D  objects  or 
Figure  5.  Example  of  medialness  field  computation  specifying  the  intrinsic	 design	 of	 old	
Japanese	gardens (with permission from Gert van Tonder). At the top is shown a side view of 
the Ryōan-ji garden (15th century) with the superimposed and projected global medial graph 
(here  taking  the  form of  a  tree  structure). A  local  and  the global medial  trees  (A1 and A2, 











and  his  collaborators  elaborated  a  new  shape  representation  in  terms  of  a 
class  of  symmetry  graphs  named  ‘medial  axis’  (denoted MA)  and  distance 
propagation fields  (aka grassfire propagations)  (Blum, 1967, 1973; Kotelly, 
1963) (Note 6). Such early ideas on curvature, intrinsic axial symmetry and 




(ii)  geons  and  codons  (primitives  and  contour  segments),  (iii)  point-based 
medialness,  and  (iv)  vision  (brain)  substrates  for medialness.
3.1.	 	Arnheim’s	Structural	Skeleton
As we saw earlier in Sect. 2, one way to use and think of medialness in the 
context of artistic creation  is as a  locus of  tension between  rendered primi-
tives. This idea was perhaps first explored to provide a theoretic framework 
of art and perception in the works of Denman Ross (Ross, 1907) and Rudolph 


























can  be  built  from  geons.  The  geon  family  is  the  basis  of  the  ‘Recognition 
By  Components’  (RBC)  theory  which  postulates  that  (at  least)  a  large 
percentage  of  human-made  objects  can  be  understood  as  being  composed 
by  hierarchies  of  parts  modeled  by  geons  and  their  relationships  (Bieder-
man,  1987,  2000).  Other  evidence  for  a  structurally-based  shape  theory 




Also  in  the  1980s,  a  perceptual  model  in  support  of  a  class  of  non- 
accidental  features  of  generic  smooth  contours  was  proposed  by  Richards 
and  Hoffman  (Richards  and  Hoffman,  1985)  and  defined  as:  sequences  of 
pairs of significant concavities (measured as extrema of negative curvature) 
bounding a  significant  convexity  (measured as  a positive extremum of cur-
vature).  Such  triples,  aka  codons  (Note  8),  for  smooth  bounding  contours, 
tend  to define useful  local parts of 2D objects and can even be used  to ex-
plain some visual illusions including figure–ground reversals, such as Edgar 
Rubin’s faces–vase ambiguous figure (Gregory, 2009). Later this theory was 
extended  to  3D  volumetric  objects,  where  lines  of  negative  curvature  (or 
concave creases) were proposed as good loci to separate 3D objects in parts 
(Hoffman,  2001):  such  a  partitioning  corresponds  to  the  parts  and  joints 
favored  under  the  RBC  theory.  In  the  recent  perception  literature,  similar 
notions of curvature linked to medial axes for shape segmentation into parts 
have  been  studied  extensively,  in  particular  by  De Winter  and Wagemans 
(De Winter and Wagemans, 2006).
Geons  themselves  are  also  interesting  in  relation  to  drawing  techniques 
often  used  as  teaching  devices.  The  human  figure  (and  other  animals)  is 
often  first  sketched  on  the  basis  of  a  series  of  connected  generalized 
cylinders,  a  technique  referred  to  as  ‘geometric  drawing’  (Simmons  and 
Winer,  1977)  or  ‘analytic’  or  ‘schematic  drawing’  (Simmons,  1994).  For 
example,  the  head  modeled  as  an  ovoid  or  elongated  box  can  be  fit  on  a 








By  the  1990s  other  psychologists  and  cognitive  scientists  had  started  to 
explore in greater detail the potential of medialness as a substrate for the hu-









































proposes  that  ‘distance  in  space’ can be computed by wetware as  ‘distance 


































Perhaps  the  earliest  work  that  focused  on  the  likeliness  of  neurons  and 
neural networks  in primates being used  to explicitly evaluate medialness  is 
by Lee et	al.  (Lee et	al., 1998) published  in  the same 1998  issue of Vision	
Research  as  Kovács  et	 al.  (Kovács  et	 al.,  1998),  where  they  showed  the 
potential  for  neurons  in  the  primary  visual  cortex  (aka V1)  of monkeys  to 
be  computing medialness.  They  observed  high  response  for  certain medial 
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locations—e.g.,  ‘center  of mass’ were  found  for  ‘compact’  objects  such  as 
circles, diamonds and squares, while ‘central response peaks were found along 
the entire axis only for elongated strips and rectangle’. That is, Lee et	al. found 








level object cortex’  (aka as  IT or  inferotemporal cortex).  Interestingly,  they 
also report that such IT neurons simultaneously encode (2D) MA and contour 
components, what they refer to as ‘external shape’ or ‘surface features’ (Hung 



































4.  Medialness via Mathematical and Computational Shape Probing
Medialness is characterized by the interaction of two fragments of an object, 
typically contour segments or outline traces, which share a spatial symmetry 
relation:  e.g.,  think of  the vertical  axis of  a pot wheel  and  the  surface  ele-
ments of  the pot or of  the finger  tips of  the pot maker which  trace  in  time 
surfaces of symmetry (of revolution in this case). The axial curves of tubular 
structures  are  direct  examples  of  medialness—reduced  to  its  simplest  ex-
pression—a subject formally studied by the famed French geometer Gaspard 
Monge  (late  18th  century)  at  the  onset  of modern mathematical  studies  in 
descriptive and differential geometries, and since applied in computer vision 
theories of  shape  representation by pioneers such as Thomas Binford  (gen-
eralized  cylinders)  and David Marr  (hierarchies  of  parts). A  true  visionary 
in the history of pattern recognition at the infancy of computing was Harry 
Blum who  introduced  and developed  in  the  early 1960s with  colleagues  at 
the Air Force Cambridge Research Laboratories a graph-theoretic notion of 
‘medial axis’ (MA) aka ‘skeleton’ or ‘symmetry axis’ (Blum, 1962a, b, 1967; 




and  propagate  over  the  horizontal  space  as  a  grass  fire:  fire  fronts  would 
quench  by  pair  defining  a  medial  trace  of  axial  symmetries  which  could 
then be associated to implicit shape features of the original object; ‘medial’ 
here refers to the location of a symmetry axis being ‘in-between’ initial con-
tour  outline  segments  at  the  origin  of  the  quenching  (imaginary) fire. This 
fire  analogy  is  one  of  space  occupation  or  partitioning,  i.e.,  every  drawn 
or  observed  segment  is  affiliated with  a  zone of  influence or  distance field 
surrounding  it  (Fig.  6):  where  two  such  zones  meet  indicates  a  local  line 
of   symmetry between a pair of   segments  (a pair of object’s outline, drawn, 
observed or hallucinated). We note here that via this propagation process an 
explicit tension field is provided as a directed distance map, such that every 








for  the exterior space (alike a  local pot wheel axis). Each MA  locus can be 
linked to curvatures at the boundary of the object, hence unifying local dif-
ferential structure with global topological properties (Siddiqi and Pizer, 2008).












Recent  extensions  of Blum’s MA—which  remains  an  active  topic  of  re-
search after more than 50 years since Blum’s original ideas first appeared—
include (i)  the use of Bayesian modeling to integrate 2D properties such as 
grouping,  convexity  and curvature, figure–ground dichotomy  (Feldman and 
Singh, 2006; Froyen et	al., 2015), (ii) in 3D, work focused on efficient point-
based  modeling  inspired  by  the  computer  graphics  community  (Delame 
Figure 6.  Adapted and augmented from Van Tonder et	al., 2003, Fig. 3: The 2D Medial Axis 
(MA) of Blum:  (a)  for  two sample points considered as  sources of propagating wave  fronts, 



























conceiving an artifact or by  the observer  in  interpreting  the composition of 
an artwork has been revisited by Michael Leyton since  the  later part of  the 
20th century. Leyton has mainly considered the interiors of drawn and painted 
forms with a notion of an extended 2D MA where branches are oriented  to 
indicate  growth  patterns  (e.g.,  of  arms  and  fingers)  and  exterior  pressures 
(Leyton,  2006)  (Note  13). A  recent  review of  such  ideas  that may  support 






















tations  (Tresset  and Leymarie, 2013).  In automatic surface	 shading  to pro-
duce illustrations and engravings, Deussen et	al. use  the 3D MA  to provide 
the  main  axial  directions  from  which  to  derive  perpendicular  intersection 
planes to draw hatching strokes on the object’s surface (Deussen et	al., 1999). 
A computational system based on generalized cylinders connected via an MA 
Figure  7.  Example  of  MA-based  sketching  (adapted  from  Tresset  and  Leymarie,  2005). 
(a) Automatically segmented face region. (b) Gray-level segmentation in interest regions (using 






























Alternatively,  from  a  drawn  2D  cartoon  character,  a  simplified MA  can  be 
automatically recovered and then used to deform and animate a corresponding 



































leading  to  an  abstract mathematical  entity,  that  of  a  graph  (made  of  nodes 
linked by curve segments and hyper-segments  in higher dimensions)  it suf-
fers  from some of  the  limitations of  traditional differential  geometry:  it  fa-
vors smooth outlines, can be responsive to small deviation (in curvature) and 
can lead to ill-defined behaviors under perturbations of boundary segments. 















5.  Beyond the MA, Towards P-Medialness: A Computational Scheme for 
Medialness Informed by Visual Perception
We have designed in recent years a computational scheme which brings to-
gether the two main representations of 2D objects known to play an impor-
tant  role  in visual  perception,  in  the understanding of human vision neural 








According  to  Kovács  et	 al.,  the  definition  of medialness  of  a  point  in 
the image space is given by the accumulation of sets of boundary segments 
 falling  into  an  annulus  of  thickness  parameterized  by  a  tolerance  value  (ε) 
and  with  interior  radius  taken  as  the  minimum  radial  distance  of  a  point 
from boundary  (Kovács et	al.,  1998)  (Fig. 9). This process maps an  image 
(of the  interior  of  an  object)  to  a  gray-level  2D map  where  grayness  is  a 
direct  measure  of  accumulated  medialness  measure  for  each  point  of  the 
original  image  under  consideration.  One  noticeable  drawback  of  this  defi-
nition  when  seeking  to  retrieve  dominant  points  is  that  it  does  not  make 
a  distinction  with  neighboring  boundary  segments  constitutive  of  separate 




points and  then use  this  readily available  information (e.g.,  from a gradient 







Medialness  increases  with  ‘grayness’  in  our  transformed  images  (for  the 





Figure 9.  Top: Adapted  from  (Kovács et	 al.,  1998, Fig.  2) with  permission  (from  the  lead 
author:  I. Kovács):  the Dε  function  for  a  simple  shape defined  as  an  accumulation of  curve 
segments  falling  inside  the  annulus  neighborhood  of  thickness  ε  (thick  boundary  segments 
within the gray hashed ring) centered around the circle (with center p). M(p)  is  taken as the 
minimum radial distance from point p to the nearest contour point. Bottom: Illustration of our 








of  tolerance—function  of  the  same  ε  used  in  the  definition  of  medialness 










Figure  10.  Comparison  of  the  results  of  computing medialness  functions  on  the  image  of 




illustrated  (bottom  left)  by  considering  the  scalar  product  of  vectors  associated  to  facing 
contours from one object part (a finger under scrutiny in this case) with respect to radial vectors 
pointing to the center of the annulus, hence creating a likely medial symmetry, versus vectors 















significant  ridges  using  a morphological  top-hat  transform  (Aparajeya  and Leymarie,  2016; 
Serra, 1988; Vincent, 1993); (c) internal dominant points illustrated as dark gray dots together 























an object  (Note 14). Mapping an  image of contour  traces  to medialness for 
the exterior of an object’s outline provides another field along which we can 
also follow ridges. Those  that end near  the contour segments are  indicative 
of  negative  curvature  extrema  or  concavities  (Note  15). We  use  such  ends 
of  exterior medialness  ridges  as  candidate  concavities; we  rank  order  such 
candidates by a significance measure representing their contour support: i.e., 
we estimate how much of the boundary trace is represented by the associated 










dress  problems  of  information  retrieval with  applications  to  environmental 
data sets (biological shapes, static or in movement) (Aparajeya and Leymarie, 
2014, 2016), movement computing (Leymarie et	al., 2014b) and gesture trans-
fer  between  human  artists  and  potential  robotic  simulators  and  collabora-
tors  (Leymarie et	 al.,  2014a).  In Fig.  13,  bottom  row, we  illustrate  the use 
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of sausage region retrieval, based on interior hot spot association,  to obtain 
a description  in  terms of  shape primitives of a cat  in movement. This  is  to 
be  compared  with  the  use  of  primitives  by  a  draughtsman,  illustrated  in 
Fig.  3,  to  create  this particular  cat  series. The primitives  recovered via hot 
spots are not exactly the same, but (we claim) are of similar type and illustrate 
Figure  12.  Top:  External  medialness  processing  on  a  humanoid  object.  The  articulated 






and Leymarie, 2016). Pairs of dark arrows along  the contour  illustrate  the  local  support  for 
concavity while the arrow along the medial ridge (dark with white pointy head) indicates the 






























































6.  Using P-Medialness to Study Works of Art
We now explore in this penultimate section the application of medialness as 


















situations (with no  intermediate space)  is observed for  the second group of 























oiselles share similar parts  indicated by  local groupings of medial  features: 
e.g.,  the  folded  ‘arm and elbow’ of Demoiselles 2 and 3 which  is  repeated 
in  the  folded  ‘leg  and  knee’  of  Demoiselle  4.  The  convex  and medial  hot 
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Figure 14.  (a) Les	Demoiselles	d’Avignon, Pablo Picasso, 1907. (b) Approximate segmentation 

































































































line  drawings  (Koenderink  et	 al.,  2012).  They  produced  different  analyses 
of these three drawings, and in particular tried to capture the 3D percepts that 
200	 F.	F.	Leymarie,	P.	Aparajeya	/	Art	&	Perception	5	(2017)	169–232




to  the buttocks of  the  female bodies, Fig.  16, middle  row). Our  results  are 
in general  agreement with  theirs. We provide finer detailed  analyses  as we 
Figure 16.  Top row: Three 1940s Picasso drawings of the female form (adapted from Koenderink 










of  the arms are made explicit by  the  ridges of medialness, while  important 




































































for  the  female figure  in Flowing	Hair. From the exterior medialness depic-









dence  is mounting  in  the  literature  that parts of  the visual cortex are  likely 
involved in some forms of medialness computations and uses. Much remains 
to be explored however before we have a clear understanding of the various 













recent  studies  in  perception  and  cognition models,  such  extrema  are  better 
thought of as combining significant curvature peaks with regional support (De 
Winter and Wagemans, 2008),  rather  than referring  to  the  traditional math-
ematical definition biased towards a purely local concept and analysis.
Our present study using medialness is mainly applied to solid shapes (i.e., 





























































  4.   This  invention of Maray was rediscovered  in  the early 1970s by G. Jo-









































12.   More  precisely,  Arnheim  is  thinking  of  an  approximate  full	 symmetry	



























































boundaries  or  explicit  figure–ground  segmentation  (Koenderink  et	 al., 
2016), will require a more ambitious method and implementation, which 
we leave for future investigations.
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R(p)  (minimum radial distance)  is  taken as  the smallest distance between p 
and the bounding contour:











To  select  points  of  internal  dominance,  a  ‘black’  top-hat  transform  (Serra, 





































fails  in  those cases where  the  region of support of a concavity/convexity  is 






























































Figure A1.  Les	Demoiselles	 d’Avignon,  Pablo  Picasso,  1907.  Top:  Selective  feature  points 
analysis,  where  (interior)  ridge  (medialness)  following  is  also  displayed  (vis.  #2).  Bottom: 
equivalent analysis for the exterior medialness field.
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Figure A3.  Guernica,  ‘faces’: Exterior and  interior medialness fields; note  that  the exterior 
medialness as the top indicates main zones of influence for each face object.
Figure A4.  Eleven lithographs by Pablo Picasso: a study of the form of a bull,  late 1945 to 
early 1946.
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Figure A5.  Bull  series  processed:  Visualization  of  interior  medialness  and  feature  points 
(vis. #1).
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Figure A6.  Bull  series  processed:  Visualization  of  interior  medialness  and  feature  points 
(vis. #2).
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Figure A7.  Bull  series  processed:  Visualization  of  exterior  medialness  and  feature  points 
(vis. #2).
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Figure A10.  Matisse  (1935):  (16/22) Women	 Reclining  series  (part  1)  with  our  interior 
medialness analysis shown superimposed (vis. #1).
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Figure A11.  Matisse  (1935):  (16/22) Women	 Reclining  series  (part  2)  with  our  interior 
medialness analysis shown superimposed (vis. #1).
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Figure A12.  Matisse:  (16/22)  Women	 Reclining  series  (part  1):  visualization  of  interior 
medialness and feature points (vis. #2).
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Figure A13.  Matisse:  (16/22)  Women	 Reclining  series  (part  2):  visualization  of  interior 
medialness and feature points (vis. #2).
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Figure A14.  Matisse:  (16/22) Women	 Reclining  series  (part  1).  Medialness  description  of 
exteriors with respect to each female nude figure (vis. #2).
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Figure A15.  Matisse:  (16/22) Women	 Reclining  series  (part  2).  Medialness  description  of 
exteriors with respect to each female nude figure (vis. #2).
